Background {#Sec1}
==========

Anemia, defined as the reduction of the number of red blood cells with a consequent decrease in their oxygen-carrying capacity, is one of the major public health problems affecting the health and socio-economy of both the developed and developing countries \[[@CR1]\].

Although iron deficiency is the principal cause of anemia, parasitic infection such as malaria, schistosomiasis and hookworm disease, other nutritional deficiencies, and haemoglobinopathies are also responsible \[[@CR2]\].

Globally, anemia affects 1.62 billion people which correspond to 24.8% of the population. The global prevalence of anemia among pregnant women is estimated to be 41.8% and majority of them live in Africa, where more than 17 million pregnant women are known to be affected \[[@CR1]\].

It is generally established that women demonstrate an increased prevalence and severity of malarial infection during pregnancy \[[@CR3],[@CR4]\]. In areas where there is high malaria transmission, infected individuals tend to remain asymptomatic as a result of acquired immunity \[[@CR4],[@CR5]\].

Anemia during pregnancy is a well known medical condition most of the time under-recognized as it is overshadowed by the normal physiological condition during pregnancy. However, studies have shown that asymptomatic infection with *Plasmodium* parasites is associated with anemia among pregnant women \[[@CR5]-[@CR7]\]. Maternal anemia consequently increases the incidence of maternal mortality and is associated with increased fetal and infant mortality, prematurity and low birth weight \[[@CR8],[@CR9]\].

Although the complete mechanism of anemia associated with malaria is not understood, it was suggested that it involves the removal of red blood cells (erythrophagocytosis) from circulation as well as dyserythropoesis. It was also noted that the release of different cytokines in response to infection and malaria toxins also disturb erythropoesis \[[@CR10]-[@CR12]\].

In Ethiopia, over the last decade there is no significant change in the prevalence of anemia in pregnancy. According to the national demographic and health survey, the prevalence of anemia in pregnancy declined from 33.1% in 2005 to 29.9% in 2011 \[[@CR13]\]. In this country, a special attention is given to the reduction of maternal mortality as to achieve the millennium development goal. Therefore, this study was conducted to provide reliable data on the burden of anemia among pregnant women and also indicated the importance of considering asymptomatic malaria in the elimination of malaria from the country.

Methods {#Sec2}
=======

Study area {#Sec3}
----------

This study was conducted in the rural surroundings of Arba Minch Town. The area, locally called as "Arba Minch Zuria Woreda", is one of the Districts in the Southern Nations, Nationalities, and Peoples\' Region of Ethiopia. Arba Minch is the capital of Gamo Gofa Zone which is located 505 km South of Addis Ababa, the capital city of Ethiopia. The villages are found at an average altitude of 1,206 m above sea level with a rainfall of 950 mm and with the same average annual temperature to the town.

Study design {#Sec4}
------------

A community based cross sectional survey was conducted among apparently healthy pregnant women. Pregnant women with absence of disease symptom/sign within the past 48 hours, axillary temperature ≤ 37.5°c, permanent residents in the study area, and those willing to participate in the study and signed the informed consent were included. Individuals having taken anti-malarial drugs in the past six weeks prior to data collection, those undergoing any kind of long term medical treatments, and unwilling individuals were excluded from the study.

Sample size and sampling technique {#Sec5}
----------------------------------

The required sample size for this study was calculated using a formula for a single population proportion. Taking expected prevalence of anemia as 29.9% \[[@CR13]\], 95% confidence level and 5% margin of error, the calculated sample size was 322. By taking non-response rate of 10%, the total sample size became 354.

Multistage sampling technique was employed in selection of the study subjects. Eight Study villages were selected by simple random sampling using the lottery method. The sample size was then distributed proportionally to the villages based on the size of their pregnant women population. The selected study villages were: Chano Mile, Chano Dorga, Chamo Shele, Chano Chalba, Aelgo Gonto, Genta Kenchama, Chano Lante, and Kolla Shara.

At the village level, the households were selected by simple random sampling by using the sampling frame which was prepared after having identified the pregnant women in the households by the preliminary assessment through active house-to-house visits. Computer generated random numbers were used for the random selection of the study households or study participants.

Data collection {#Sec6}
---------------

A pre-tested semi-structured questionnaire was administered by trained interviewer to obtain information on socio demographic characteristics of the study participants. Capillary blood samples were collected by a finger pricking using disposable lancet following aseptic technique. The blood filled hematocrit tubes sealed with a sealing-wax were placed in a labeled larger tube container and then transported to Arba Minch University Hospiatal.

Laboratory investigations {#Sec7}
-------------------------

Hematocrit level was determined by using microhematocrit centrifuge as described elsewhere \[[@CR14]\]. The hematocrit level was read by using a Hawksleys microhematocrit reader. According to WHO guidelines, pregnant women are normal with hematocrit concentration of 33% and above. The pregnant women with HCT values less than 33% were categorized as anemic. Anemic women were further categorized as women with mild anemia (HCT ≥ 30% & \< 33%), moderate anemia (HCT ≥ 21% & \< 30%) and severe anemia (HCT below 21%) \[[@CR14]\].

Thick and thin blood smears stained with Giemsa stain were examined under light microscope with 1000x magnification. Parasite density was determined as described elsewhere \[[@CR15]\].

Statistical analysis {#Sec8}
--------------------

Data were coded, entered into, cleaned and analyzed using SPSS for windows version 16.0. Both descriptive and inferential statistics were employed for the analysis of data. Binary logistic regression was employed to assess the predictors of anemia. Variables significant at P-value of 0.25 in the univariate logistic regression were selected for Multivariate logistic regression analysis model. Odds ratios with 95% confidence intervals were calculated and p \< 0.05 values were considered to be statistically significant.

Ethical considerations {#Sec9}
----------------------

The study protocol was reviewed and approved by the ethical review board of Jimma University. Community agreement and local oral consent was obtained from community leaders. Written informed consent was obtained from all of the study participants. Data collected from each study participant and results of laboratory tests were kept confidential and used only for the research purpose. Result of participants with parasitic infection was addressed to the study participants. The pregnant women who were found to be infected with *Plasmodium* parasite were referred for treatment and medical consultation in the ANCs of nearby health facilities.

Results {#Sec10}
=======

Socio-demographic characteristics of the pregnant women {#Sec11}
-------------------------------------------------------

A total of 341 pregnant women agreed to participate in the study and provided blood specimen and necessary information. The age of the study participants ranged from 17 to 40 years with a median age of 25 years old (Inter-quartile range: 23--29). Majority of the pregnant women belonged to the age group of 21--25 years (41%). Most of them were house wives (39%), completed a primary education (39%), multigravidae (44%), in their second trimester (41%), attending their ANC follow-up (80.6%), and use ITN always (84.8%) (Table [1](#Tab1){ref-type="table"}).Table 1**Sociodemographic and economic characteristics of the pregnant women in the rural surroundings of Arba Minch, Town South Ethiopia, April to June, 2013VariablesNo. (%)VariablesNo. (%)Age groupsMarital status**≤2032(9.4)married327(95.9)21-25140(41.1)single4(1.2)26-30102(29.9)divorced6(1.8)31-3547(13.8)widowed4(1.2)\>3520(5.9)**ParityGestational age**Primigravidae91(26.7)1^st^ trimester83(24.3)Secondgravida99(29.0)2^nd^ trimester140(41.1)Multigravida151(44.3)3^rd^ trimester118(34.6)**OccupationEducation**Farmer98(28.7)Illiterate59(17.3)Daily laborer40(11.7)Read/write15(4.4)Merchant57(16.7)Primary134(39.3)House wife134(39.3)Secondary95(27.9)Civil servant12(3.5)College/above38(11.1)**Family sizeANC Attendance**1-3116(34.0)Yes275(80.6)4-7168(49.3)No66(19.4)\>757(16.7)**IncomeITN use**\<650 ETB204(59.8)Use always187(54.8)650-1300 ETB102(29.9)Use rarely19(5.6)\>1300 ETB35(10.3)Do not use135(39.6)**ReligionIRS(past 12 months)**protestant227(66.6%)Yes289(84.8)orthodox114(33.4%)No52(15.2)

Prevalence of anemia and associated factors {#Sec12}
-------------------------------------------

Of the total 341 study participants, 118 (34.6%) were anemic. The minimum and maximum HCT values were 18% and 46%, respectively, while the mean was 35.2% (95% CI: 34.6%--35.8%) with SD of ±5.5%. Of those 118 anemic women; 73(61.9%) were mildly anemic, 38(32.2%) were moderately anemic, and 7(5.9%) were found to be severely anemic (Table [2](#Tab2){ref-type="table"}).Table 2**Multivariate logistic regression analysis of predictors for anemia among pregnant woman in rural surroundings of Arbaminch town, Southern Ethiopia, April to June 2013VariablesNo. examinedNo. anemic (%) 118 (34.6%)COR (95% CI)p-valueAOR (95% CI)p-valueAge**≤203211(34.4)0.35(0.11, 1.11)0.0740.17(0.01, 5.94)0.32721-2514041(29.3)0.28(0.11, 0.73)0.009\*0.70(0.09, 5.42)0.73426-3010231(30.4)0.29(0.11, 0.78)0.014\*0.61(0.08, 4.60)0.63231-354723(48.9)0.64(0.22, 1.85)0.4080.83(0.23, 3.02)0.774≥362012(60.0)1.001.00**Education**Illiterate5930(50.8)3.88(1.53, 9.85)0.004\*2.45(0.43, 14.04)0.316Read/write157(46.7)3.28(0.91, 11.80)0.0692.14(0.27, 17.19)0.475Primary13449(36.6)2.16(0.92, 5.10)0.0771.52(0.30, 7.78)Secondary9524(25.3)1.27(0.51, 3.14)0.6080.71(0.13, 3.90)0.618College/above388(21.1)1.001.000.692**Income**\<650 ETB20482(40.2)3.01(1.38, 6.58)0.0032.15(0.65, 7.05)0.207650-1300 ETB10232(31.4)1.97(0.92, 4.22)0.0271.51(0.49, 4.68)0.476\>1300 ETB354(11.4)1.001.00**Parasitemia**Positive3128(90.3)22.8(6.7, 76.9)\<0.001\*15.72(3.97, 62.22)\<0.001\*\*Negative31090(29.0)1.001.00**Gestational age**1^st^ trimester8328(33.7)1.26(0.69, 2.30)0.4570.86(0.36, 2.02)0.7212^nd^ trimester14056(40.0)1.647(0.98, 2.78)0.0612.03(1.06, 3.86)0.031\*\*3^rd^ trimester11834(28.8)1.001.00**ITN use**Use always18738(20.3)1.001.00Use sometimes1912(63.2)2.72(2.48, 18.23)\<0.001\*1.96(1.82, 19.47)0.001\*\*Do not use at all13568(50.4)3.98(2.44, 6.50)\<0.001\*2.99(1.72, 5.22)0.001\*\***IRS (In past 12 months)**Yes28994(32.5)1.001.00No5224(46.2)1.78(0.98, 3.23)0.0590.80(0.32, 2.03)0.661**Present ANC follow-up**Yes27583 (30.2%)1.001.00No6635(53%)2.61(1.51, 4.51)0.001\*3.39(1.49, 7.69)0.004\*\*\*significant at p \< 0.25; hence considered for multivariate analysis.\*\*significant at p \<0.05.

All of the study participants were screened for *Plasmodium* parasites by using Giemsa stained blood film. It was found that the prevalence of asymptomatic plasmodium infection was 9.1% (31/341). The species diagnosed include *P. falciparum* (38.71%), *P. vivax* (48.38%)*, and* mixed infection (12.9%).

More than 90% of parasitemic individuals were anemic while only 29% of non-parasitemic individuals had anemia. The odds of being anemic was 15.7 times \[AOR: 15.7 2, 95% CI (15.723.97, 62.22), P-value ≤ 0.001\] more likely to occur in parasitemic individuals relative to the non-parasitemic pregnant women (Table [2](#Tab2){ref-type="table"}). However, parasite density was not associated with severity of anemia (*X*^2^ = 3.7, p = 0.157).

Fifty point eight percent (30/59) of the pregnant women who were illiterate were found to be anemic while only 21.1% (8/38) of individuals who had tertiary level of education were anemic. However, the difference was not statistically significant \[AOR: 2.45, 95% CI (0.43, 14.04)\].

The prevalence of anemia was 34.1%, 33.3%, and 35.8% among primigravidae, secundigravidae, and multigravidae respectively. There was no statistically significant association between gravidity and anemia among the pregnant women (*X*^2^ = 0.17, p = 0.918).

The prevalence of anemia significantly differed between the different gestational ages. Forty percent (56/140) of individuals in their second trimester were anemic while 28.8% (34/118) of individuals in their third trimester were anemic. The difference was statistically significant \[AOR: 2.03, 95% CI (1.06, 3.86)\] table [2](#Tab2){ref-type="table"}.

Another factor which was associated with anemia among the pregnant women was the use of ITN. The results of the study revealed that the odds of being anemic was almost 2 fold \[(95% CI: 1.82-19.47), P = 0.003\] among rare ITN users, and 3 fold \[(95% CI: 1.72-5.22), P \< 0.001\] among those who did not use ITN completely relative to those who were using ITN always.

More than half (53%) of individuals who did not attend ANC were anemic while 30.2% of those who attended ANC were anemic. The odds of being anemic was more than three times among those who did not attend ANC as compared to those who attended ANC \[AOR: 3.39, 95% CI (1.49, 7.69)\].

Pearson Correlation coefficient was calculated to figure out correlation between HCT value and the continuous variables (age, parity, parasite density, family size, and family income). The results of the study revealed that the increase in malaria parasite density was significantly correlated with a decrease in HCT values (r = −0.463, P = 0.009). Parity was also negatively correlated with HCT though the correlation was not statistically significant (r = −0.017, p = 0.758). Mothers' age (r = −0.187, p = 0.001) and family size (r = −0.124, p = 0.022) were negatively correlated with HCT value. On the other hand, family income was positively correlated with HCT (r = 0.115, p = 0.035).

Discussion {#Sec13}
==========

The present study attempted to assess the association of asymptomatic *plasmodium* infection with the prevalence of anemia among pregnant women in the rural surroundings of Arbaminch Town, Ethiopia. The prevalence of anemia among the pregnant women was determined to be 34.6%, which was by far lower than the findings of studies conducted elsewhere \[[@CR5]-[@CR7],[@CR16]-[@CR18]\]. The contrast might be due to differences in socio-demography, socio-economy, and altitude. The nutritional status, infections with soil transmitted helminths, HIV, and malaria will greatly contribute to anemia \[[@CR17],[@CR19],[@CR20]\].

Asymptomatic malaria was significantly associated with anemia among the pregnant women. This is in agreement with the findings of other studies reported elsewhere \[[@CR5],[@CR21]\]. In this study, an increase in malaria parasite density was significantly correlated with a decrease in HCT values. This result is supported by the fact that the higher the number of parasites the higher the number of infected red blood cells and the higher the number of destroyed red blood cells \[[@CR22]\].

Age was negatively correlated with hematocrit of the pregnant women. This is in line with other studies conducted elsewhere \[[@CR23],[@CR24]\]. However, it was in contrast with the findings of a study conducted in Trinidad and Tobego \[[@CR25]\]. The discrepancy might be due to the difference in the socio-demographic and economic characteristics, geographical location, and nutritional status of the study participants.

The findings of the present study showed that ANC attendance had a protective effect against anemia. This might be due to the provision of iron and folic acid supplements during ANC visits \[[@CR26]\]. This highlights the significance of advocating ANC follow-up among pregnant women.

In the present study, the use of ITN had a protective effect against anemia. This might be as a result of the protective effect of ITN against malaria and consequently against anemia. The findings of other studies also supported our result \[[@CR27],[@CR28]\]. A study in Malawi also indicated the association between absence of bed net and lower hemoglobin levels \[[@CR29]\].

The findings of the present study showed that family size was negatively correlated with the level of hematocrit. This might be due to the fact that as the size of a family increases unless there is subsequent increase in income the capacity to get balanced diet would also decrease. On the other hand, the family income was positively correlated with the hematocrit level.

The present study had its own limitations; confounding factors such as the nutritional status of individuals, Iron and folic acid supplementation during the course of pregnancy, infection with soil-transmitted helminths, HIV, and tuberculosis were not assessed to rule out the independent effect of asymptomatic malaria on anemia among the pregnant women. In addition the study design, which is a cross-sectional study, suffers from the lack of identifying the causal relationships. The wide range of confidence intervals shows that the sample size was not sufficient. Nevertheless, the multi-stage community based nature of this study assures the representativeness of the study.

Conclusion {#Sec14}
==========

In conclusion, the prevalence of anemia among the pregnant women was 34.6% (118/341). Of those 118 anemic women; 73(61.9%) were mildly anemic, 38(32.2%) were moderately anemic, and 7(5.9%) were found to be severely anemic. The prevalence of asymptomatic malaria parasitemia was 9.1% (31/341). There was a significant association between anemia and asymptomatic malaria parasitemia. Thus, the practice of routine screening for malaria and anemia followed by prompt management should be encouraged to curb the effect of malaria and anemia on the pregnant women as well as her fetus. Furthermore, a study designed to test the effectiveness of the practice of routine screening for malaria and anemia followed by prompt management is also needed.
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